Introduction
============

In the selection of farm animals, new and traditional methods of evaluation and selection are applied \[[@ref1],[@ref2]\]. New methods for assessing animals belong to modern techniques of the DNA technology that allow the identification of genes directly or indirectly associated with commercially important qualities \[[@ref3],[@ref4]\]. In addition to the traditional selection of animals, the identification of the genes variants that are preferred from the point of view of selection makes it possible to breed out directly at the DNA level and conduct the so-called genomic selection \[[@ref5]\].

Due to the lack of government contracts for wool in Russia, the demand for sheep products has recently changed substantially. The meat production has become more profitable economically, so the structure of the industry has changed dramatically. The meat sheep breeding, in turn, has achieved considerable success due to the applied genetics. In breeding programs, there were usually used stud rams selected on the basis of the quality of their offspring, relatives, or ancestors. At the same time, the use of the achievements of molecular genetics can bring such work to a new methodological level \[[@ref6]\].

To date, the problem of establishing a reliable link between the production characters and genetic markers is still unsolved \[[@ref7]--[@ref9]\]. Breeding based on genetic production markers is aimed at work with animals with high genetic potential in terms of the live weight gain and meat quality \[[@ref10],[@ref11]\].

One of the most promising candidate genes is the callipyge gene (*CLPG*). Phenotypically in sheep, the callipyge-single-nucleotide polymorphism (SNP) CLPG mutation (callipyge muscle hypertrophygen---*CLPG*) is manifested by muscular hypertrophy, primarily in the pelvic and hind limbs regions. The muscles of such lambs were enlarged to varying degrees, with not all muscles being hypertrophied. In callipyge lambs, some desirable commercially important traits and properties of meat quality were manifested, i.e., a higher percentage of meat yield, a larger loin and leaner meat, limbs were higher appreciated. In these lambs, the best qualities of carcass were expressed in better yield (compared to lambs of ordinary muscularity) of whole limbs, sirloin part, loin on the bone and shoulder by 11.8%, 4.7%, 2.5%, and 2.3%, respectively \[[@ref12]\]. In this regard, the purpose of the work was to study the Callipigia gene polymorphism that affects the manifestation of muscular hypertrophy in the pelvic and posterior areas in sheep of Edilbay, Volgograd, and Kalmyk breeds. To date, very few studies have been devoted to the study of the Callipigia gene polymorphism. In Russia, the polymorphism of this kind has not been studied in the Edilbay, Volgograd, and Kalmyk sheep.

Materials and Methods
=====================

Ethical approval
----------------

Experiments were performed in accordance with the Guide for the care and use of laboratory animals \[[@ref13]\] and the use of experimental animals completely observed the local animal welfare laws and policies. The current study is in compliance with ethical standards.

Sample collection
-----------------

The objects of the study were Edilbay fat-tailed sheep (*n* = 500) at the breeding plant Volgograd-Edilbay in the Volgograd region, Volgograd fine-wool sheep (*n* = 500) at the breeding plant Romashkovskiy in the Volgograd region, and Kalmyk fat-tailed sheep (*n* = 500) at the breeding plant Kirovsky (the Republic of Kalmykia, Yashkul rayon). Molecular and genetic studies, as well as the processing of the results obtained, were carried out in the laboratory of molecular diagnostics and biotechnology of farm animals at Don State Agrarian University, Persianovsky (Rostov-on-Don city).

Genomic DNA isolation
---------------------

To conduct the research, tissue samples of 1 cm² from sheep of Kalmyk and Edilbay breeds were taken from the auricle. The DNA was isolated using the DIAtom DNA Prep 100 reagent kit (Genlab LLC, Russia). The analysis was performed by the polymerase chain reaction--restriction fragment length polymorphism method \[[@ref14]\].

Polymerase chain reaction (PCR) analysis and SNP genotyping
-----------------------------------------------------------

Primers were used to amplify a *CLPG* gene fragment: 5\'-TGA AAA CGT GAA CCC AGA AGC-3\', 5\'-GTC CTA AAT AGG TCC TCT CG-3\'. The PCR conditions were pre-denaturation at 95°C for 4 min and then 35 cycles: 94°C for 20 sec, 58°C for 30 sec, 72°C for 1 min, and final synthesis at 72°C for 10 min. The restriction of an amplified fragment was performed with endonuclease *BsmF1*. The size of the restriction fragments obtained was determined by 2% agarose gel electrophoresis in the presence of ethidium bromide.

Results and Discussion
======================

The Edilbay sheep breed is characterized by outstanding meat production. The breed was selected in Kazakhstan by local inhabitants; since the 1930s, selective breeding work was carried out in the Kazakh SSR; the Birlik and Suyunduk crossbreed types were identified \[[@ref2]\]. Sheep of both crossbreed types were brought from Kazakhstan to the Volgograd region of the Russian Federation in 1992. These animals are hardy and unpretentious and also adapt well to any climate and can tolerate both heat and severe frosts.

The Volgograd sheep was being bred in the period of 1931--78 by means of a complex reproductive crossing of fat-rumped hair sheep ewes with rams of Soissons, Caucasian, and Groznian breeds, followed by the animals of a desired type to be selected and main economic traits in the stud lines to be fixated in the Southern regions of the Soviet Union. Tribal herds of the Volgograd breed were developed by the method of accumulation cross breeding of fine-wooled crossbreeds with Volgograd rams from the "Romashkovsky" state farm. Large-scale selection to create new Volgograd breed herds was carried out by the Pallasovsky and Bykovsky breeding enterprises. Through their branches in the Volga region's rayons, they annually inseminated more than 400 thousand ewes by rams, grown and selected in the herd of the "Romashkovsky" state farm \[[@ref15]\].

The Kalmyk fat-tailed sheep is characterized by tall stature, strong massive bones, high legs, and brashy wool compared to fat-tailed sheep raised in the North Caucasus, Ukraine, Kazakhstan, Buryatia, and Mongolia \[[@ref2]\].

The callipyge lambs show some desirable commercially important characteristics and properties of meat quality, i.e., a higher percentage of meat yield, a larger loin part, the meat was leaner, and their limbs were evaluated to be higher \[[@ref16],[@ref17]\]. These lambs also had better expressed meat forms (compared to lambs of ordinary muscularity) of whole limbs, sirloin part, loin bones and shoulder by 11.8%, 4.7%, 2.5%, and 2.3%, respectively \[[@ref12]\]. Further, the callipyge lamb was more productive in meat at less daily feed intake \[[@ref17]\], which resulted in lower production costs. Consequently, the widespread use of the lamb described has the potential to reduce the cost of lamb for consumers and increase the profitability of sheep breeding. Unfortunately, a negative trait, even a defect of callipyge lambs is high meat rigidity \[[@ref16],[@ref18],[@ref19]\].

The increased fleshing of the *CLPG* animals is mainly due to hypertrophy of muscle fibers. A histological comparison of muscle fibers \[[@ref20],[@ref21]\] of callipyge animals with normal muscle fibers showed that the former showed, on average, a larger diameter of "fast" fibers of both type IIb and type IIx, and a smaller diameter of "slow" muscle fibers. In addition, the *CLPG* expressing sheep had a higher percentage of "fast" type muscle fibers using glycolysis than "slow" fibers and "fast" fibers with oxidative-glycolytic metabolism.

Thus, the changes in muscle tissue of the *CLPG* animals were tightly associated with "fast" fibers that used a glycolytic type of metabolism, and these were the fibers that increased in diameter and percentage of other types of muscle fibers. The described hypertrophy appeared in lamb from 8 weeks of age, but did not manifest in 2-weeks-old lamb \[[@ref22]\], so extensive research on the postnatal development of callipyge sheep is in demand.

The *CLPG* animals are a new mode of inheritance called polar superdominance \[[@ref23]\]. The *CLPG* phenotype was manifested in progeny heterozygous in terms of the *CLPG* mutations, with this progeny's gene being obtained from the father (i.e., the one having the +M/CLPGP genotype, where M and P denote inheritance of the maternal and paternal lines, respectively). The other three possible genotypes (+M/+P, CLPGM/+P, or CLPGM/CLPGP) are phenotypically normal. Although hybrid dysgenesis in Drosophila \[[@ref24]\] and polar lethality in mice \[[@ref25]\] manifested, when there was a mutation in the heterozygous state, depending on whether the allele was inherited from the father or the mother, the callipyge in sheep is the only example of strict polar superdominance known today. The polar superdominance pattern for the callipyge sheep phenotype was confirmed in studies of various unrelated herds \[[@ref26]\], thereby demonstrating that polar superdominance of the *CLPG* mutations in sheep is a new mode of inheritance. The results of positional cloning that aimed to identify the *CLPG* mutation and lasted for a decade have been recently obtained. The SNPCLPG A-\>-G point was found, which determined the occurrence of the *CLPG* allele \[[@ref26],[@ref27]\]. This polymorphic region, denoted as *SNP CLPG*, was located within the conservative 12-bp sequence. The ram that first had a mutation characteristic of a callipyge trait was mosaic for this mutation \[[@ref27]\], but passed it on to its descendants.
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The *CLPG* gene polymorphism still has not been studied in the Edilbay, Volgograd, and Kalmyk sheep. The results for these breeds were obtained for the first time. Molecular genetic studies in sheep of Edilbay, Volgograd, and Kalmyk breeds resulted in the identification of allelic variants of the *CLPG* gene and the determination of genotypes. Our study detected only homozygous AA genotype in the sheep populations of these breeds ([Fig. 1 A--C](#figure1){ref-type="fig"}). The AG and GG genotypes were not identified. The *CLPG* locus appeared to be monomorphic in these populations.

Nanekarani et al. \[[@ref14]\] in their studies also observed only the AA genotype in Iranian sheep of the Lori breed, which suggested that sheep were also monomorphic in the *CLPG* locus. Alakilli et al. \[[@ref28]\] also reported that *CLPG* locus is a monomorphic for population sheep kept in Saudi. This was also mirrored by Dimitrova and Bozhilova \[[@ref29]\], who identified the genetic polymorphism in CLPG in sheep from Karakachan breed. It was detected only homozygous genotype AA, respectively, CLPG locus was found to be monomorphic in this population too.

The studies of the CLPG by Jackson et al. \[[@ref17]\] however found out the presence of a mutant *G* allele in Dorset, Ramboulee, and Hampshire sheep breeds. Similar results were reported by Shah et al. \[[@ref30]\], where it was founded that Thalli breed has mutant homozygous (GG, 0.02), heterozygous (AG, 0.10), and normal homozygous (AA, 0.88) forms of CLPG. However Kajli and Lohi breeds were found normal for this genetic variation of CLPG. There was no polymorphism or variation in amplified fragments of the CLPG gene in Egyptian small ruminant breeds \[[@ref31]\]. Similar results were observed by Meena et al. \[[@ref32]\] in Indian sheep. Pomitun et al. \[[@ref33]\] reported that the mutation of this gene may be built into the genome of domestic breeds of sheep only via cross-breeding with foreign breeds, in which this trait is manifested. In that study (in Prydniprovska meat sheep), locus CLPG was also monomorphic, only allele A was determined (278, 117 and 31 b.p.). Allele G with the mutation, manifested in muscle hypertrophy phenotype, was not detected, all the animals under investigation had genotype AA.

The results obtained by Jackson et al. \[[@ref17]\] showed the prospects of the gene as a marker of sheep meat production. One of the candidate genes that affect the meat production is the *CLPG* gene. According to many scientists, the *CLPG* gene contributes to the intensive development of muscle tissue and is recommended as a DNA marker affecting higher meat yields \[[@ref12]\]. Due to mutation, the *CLPG* sheep are noted for hypertrophy of certain muscle groups on the thighs and minimal amount of fat \[[@ref34]\]. Compared to the lambs of ordinary muscularity, these lambs had the best carcass qualities with respect to the best yield of whole limbs, sirloin, loin bones and shoulders by 11.8%, 4.7%, 2.5%, and 2.3%, respectively \[[@ref12]\]. Jawasreh et al. \[[@ref35]\] reported that the callipyge mutation with 25% Rambouillet genes can provide efficient improvements in growth and meat characteristics, with the exception of tenderness in Awassi sheep. Freking et al. \[[@ref36]\] showed a synergistic interaction between *Myostatin* gene and *CLPG*.

Conclusion
==========

The genetic analysis of the sheep population with respect to the *CLPG* gene found the AA genotype in the Edilbay, Volgograd, and Kalmyk sheep. No homozygotes for the type G allele were detected; the AG genotype was not found. All sheep breeds under consideration were characterized by the A allele predominant. To optimize and monitor the breeding processes in sheep breeding, make a decision on the conservation and improvement of Edilbay, Volgograd, and Kalmyk sheep breeds, as well as determine the genetic status and breeding resource of the breed, it is advisable to use the data on the *CLPG* genotypes frequency in the breed. All this again confirms the need to search and study the DNA markers associated with the productive qualities of sheep for greater efficiency of breeding and increasing the profitability of the sheep industry \[[@ref37]\].
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